Introduction: Social attractiveness is influenced by a variety of different smile-related factors. We evaluated whether the degree of upper central incisor proclination can result in tooth colour change. Methods: Forty young adult subjects (20-25 years) in good health with a complete sound dentition were selected. The subjects were seated in standardized light conditions with an above-directed light source. Their natural head position was stated as 0 degrees. To mimic the range of possible anterior torque movements they were asked to tilt their heads upward +15 degrees (upward tilting) and downward −15 degrees (downward tilting). Frontal macro photographs, parallel to the Frankfort plane of the patient's natural head position were taken at the three head angulations (+15, 0, and −15 degrees ). Photographs were analysed for colour differences at the centre of the incisor clinical crowns with a CIE L*a*b* colour model based software. A paired t-test was used to test for significance between each value for each inclination. Results: Differences were found between the CIE L*a*b* colour values for: upward tilting, downward tilting, and −15 to +15 degrees (total tilting) except for b* values for downward tilting. As the inclination of the subject's head changed downward, the upper incisors were retroclined and the CIE L*a*b* values indicated a darker and less green but redder colour component. As the inclination of the subject's head changed upwards the upper incisors were proclined and the L*a*b* values indicated a lighter and less green and yellow but redder and bluer colour component. Conclusions: Proclination of upper incisors caused lighter tooth colour parameters compared to retroclined incisors and colour changes. Orthodontic change of upper incisor inclination may induce alterations on how tooth colour is perceived.
Introduction
Smile aesthetics has become a major concern among patients and orthodontists. It is one of the main reasons why patients seek orthodontic treatment (1) . There is evidence to support the notion that the aesthetics of the mouth has a significant effect on the way we develop a first impression of another person (2, 3) . Social attractiveness is influenced by a variety of different smile-related factors and should reflect a harmonious interplay between the teeth and gums including, size, shape, visibility of the teeth and gums, as well as tooth colour (4) (5) (6) . Furthermore, people are perceived more favourably over a range of judgments, including numerous personality traits, when they have normal dentition as opposed to abnormal tooth colour or tooth arrangement (7, 8) . Kershaw et al. showed that tooth colour exerts an influence on social perceptions with 'whiter teeth' leading to higher attractiveness (9, 10) . People also more readily demand dental bleaching in order to enhance their smile (11) .
The phenomenon of colour is a psychophysical response to the physical interaction of light energy with an object, and the subjective experience of an individual observer. Three factors can influence the perception of colour, namely, the light source, the object European Journal of Orthodontics, 2017, 554-559 doi:10.1093/ejo/cjw086 Advance Access publication 25 January 2017 being viewed, and the observer viewing the object. The light source can emit radiant energy at a range of wavelengths. The light source that illuminates an object affects colour perception, since individual sources contain varying quantities of each of the visible wavelengths of light (12) .
The spectral reflectance of an object characterizes the colour makeup of that object. The spectral reflection or transmission curve of the object represents it graphically, and provides a way of quantifying colour numerically. As objects vary in colour, so do the graphs depicting the energy being absorbed or reflected. For example, a red object looks red primarily because it reflects red wavelengths more than green and blue (13) . The observer's visual system of the eye and brain finally affects the overall perception of the colour.
The colour of the teeth is determined by the combined effects of intrinsic and extrinsic colourations (14) . Intrinsic tooth colour is associated with light scattering and absorption properties of the enamel and dentine (12) . Extrinsic colour is associated with the absorption of materials, for example, tea, red wine, chlorhexidine, and iron salts onto the surface of enamel, and in particular the pellicle coating, which ultimately cause extrinsic stain. The colour of a tooth is determined by a combination of its optical properties. When light encounters a tooth, four phenomena associated with the interactions of the tooth with light can be described (15) : specular transmission of the light through the tooth, specular reflection at the surface, diffuse light reflection at the surface and absorption and scattering of light within the dental tissues. Tooth colour has been shown to result from the volume scattering of light: illuminating light follows highly irregular light paths through the tooth before it emerges at the surface of incidence and reaches the eye of the observer (16) . Non-white colour is predominantly a result of absorption along these path lengths and the absorption coefficient of the tooth tissues. Colour can also be described according to the Munsell colour space in terms of hue, value (lightness), and chroma (17) . Hue is the attribute of a colour that enables one to distinguish between different families of colour, for example, reds, blues, and greens. Value indicates the luminous intensity of a colour ranging from pure black to pure white. Chroma is the degree of colour saturation and describes the strength, intensity, or vividness of a colour. Chroma is also known as saturation. Lightness can be described as the brightness of an area or object judged relative to the brightness of a similar area or object (18) . Therefore, lightness is a relative term and should not be confused with brightness which is the amount of light an area or object emits or how 'white' an area or object is.
It can be evoked that in a dental situation, specifically a CI II division 2 malocclusion, having retroclined incisors (19) , may result in a darker smile, as less light is reflected off the surface of the central incisors. Our hypothesis is that proclining the teeth in these situations will alleviate the malocclusion but may also create a 'brighter smile' as more light will be reflected of the incisors enamel making the teeth appear lighter. Different tooth positions may change perceived colour. It has been shown that differences in seating position while determining tooth shade result in different measurement values (20) .
In order to test our hypothesis, we implemented an immediate change of the amount of proclination of the upper incisors in relation to an external source of light by changing the head position upwards or downwards.
Therefore, the aim of this study is to evaluate whether the degree of inclination of the upper central incisors in relation to an external light source can result in tooth colour changes. The null hypothesis is that there is no difference between the amount of inclination of the upper central incisors and their colour.
Materials and methods
Forty young adult subjects in good health and with a complete sound dentition were selected on a voluntarily basis from the whole pool of dental students at the Geneva Dental School, CUMD, Geneva, Switzerland. The subjects were between 20 and 25 years old. Dental exclusion criteria for the participants were: previous restorations on anterior teeth, active hard and soft tissue diseases, inadequate oral hygiene, and crowding of the 2 central incisors. Dental and skeletal malocclusion were not cause for exclusion as measurements were made only on the upper incisor clinical crows. Each subject was asked to clean his or her teeth and rinse thoroughly prior to data collection.
The sample size for the study was calculated based on a formula described by Pandis (21) . A significance level of 0.05, and a power of 80 per cent to detect a clinically meaningful difference of 20 RGB integer increments between the inclinations was set. The power analysis showed that 40 patients were needed for the study. The sample size was calculated in RGB integers as it was the raw data obtained from the colour analysis.
The subjects were seated on a stool in a standardized area in respect to an above-and forward-directed light source in a room with no windows. The light used was a standard white neon light tube of 40 Watts (Sylvania, Ontario, Canada). This illuminant was chosen as it mimicked daylight colour. It had a power distribution of D65 (daylight). The amount of light emitted by the tube was measured at subject level with a photometer (HS1010A, China). If the amount of light changed a new neon tube was placed.
The participants were asked to look into a mirror at eye level several times in order to determine their natural head position (22) . This position was stated as the level plane at 0 degrees. The Frankfort horizontal was marked on the subject's profile with medical tape (Micropore, 3M, Minnesota, USA). In order to mimic the range of possible upper anterior teeth torqueing movement the subjects were asked to tilt their heads upward 15 degrees and downward 15 degrees stated +15 (upward tilting) and −15 degrees (downward tilting), respectively. Angulation changes of head posture correspond geometrically to the same changes in upper incisor angulation changes. These 15 degrees simulate a large torqueing movement reasonably acheived during orthodontic correction (23) . Smaller proclination changes were not investigated focusing on the 15 degree changes in order to test for measurable colour changes. A custom-made protractor was used in order to guide the subjects with their head orientation. Each subject was asked to place his or her head at +15 degrees and −15 degrees several times in order to feel comfortable and remain still during the data collection (Figure 1 ). When smiling there is partial exposure of the teeth with high individual variation due to soft tissue placement. In order to remove the lips from the field of view, cheek retractors (Hager Werken, Duisburg, Germany) were placed in the mouth of the participants to control this factor which could have influenced our results. The subjects were asked to be in maximum intercuspidation. Excess saliva was removed but the teeth were not dried in order not to be desiccated. Frontal macro photographs, parallel to the Frankfort plane at the patient natural head position without the use of a flash were taken. The photographs were taken at the 3 angulations (+15, 0, and −15 degrees ) at a set distance of 0.5 m with an ISO of 100, F25 and a shutter speed of 125 (D90, Nikon, Tokyo, Japan) with a macro lens (Nikkor 105 mm, Nikon).
Confirmed by the relevant board in Geneva, no ethics committee approval was necessary as only frontal macro photographs of the subject's teeth were taken without distinguishing extra-oral features. The photographs at each orientation of each test subject were sorted on a computer and were analysed for colour differences using a specific software (Aperture, Apple, California, USA). The colour of the two central incisors at the centre of the clinical crown were taken.
A major problem often arises when attempting to communicate colours to others. To this end, a number of colour scales have been developed. Initial data was collected as RGB integers. This colour model is an additive colour model in which red, green, and blue lights are added together in various ways to reproduce a broad array of colours. The name of the model comes from the initials of the three additive primary colours, red, green, and blue. The main purpose of the RGB colour model is for the sensing, representation, and display of images in electronic systems but is machine dependent. To eliminate this downside, conversion from RGB values to the CIE L*a*b* space with a CIE standard observer of 2 degrees was performed with an algorithm. When a colour is expressed in the CIE L*a*b* space, L* defines lightness (0 to 100), a* denotes the red/ green value (−100 to +100), and b* the yellow/blue value (−100 to +100). This colour scale is based on the opponent-colours theory of colour vision, which says that two colours cannot be both green and red at the same time, nor blue and yellow at the same time. As a result, single values can be used to describe the red/green and the yellow/blue attributes. The standard observer is based on the average human response to the wavelength of light. In order to express the sum of change for L*, a*, and b* values a value E is created. The calculation of E is as follows: L a b * * * 2 2 2 + + . Means for the central incisors of each subject at each of the three inclinations were calculated. A paired t-test was used to test for significant differences between each value for each inclination as well as the colour change. The significance level was stated at P > 0.05. For the key outcome, 10 subjects were selected randomly for re-measurement. The intra-class correlation coefficient was used to calculate intra-rater reliability for the CIE L*a*b* colour measurement. The intra-rater reliability values for the CIE L*a*b* colour measurement was 0.91.
Results
As a general finding, upward head tilting in relation to the natural head position resulted in more proclined teeth positions causing, lighter tooth colour parameters different colours compared to downward head tilting in relation to the natural head position which resulted in more retroclined positions and darker tooth colour parameters and different colours. Therefore, the null hypothesis that there is no difference between the amount of inclination of the upper central incisors and their colour can be rejected.
A sample of the clinical photographs used in our study are shown in Figure 2 . The photos were taken at +15, 0, and −15 degrees relative to the 0 degrees Frankfort reference plane. It can already be noted by simply looking at the photographs that the incisors at +15 degrees appear to be lighter than the ones inclined at −15 degrees.
For the overall sample, as the inclination of the Frankfort horizontal of the subject changed from 0 to −15 degrees (downward tilting) the average L* values decreased plane indicating a darker colour. The average a* value increased indicating a redder (less green) colour component compared to the initial position. The average b* value was not statistically significantly different compared to the value at 0 degrees. As the inclination of the Frankfort horizontal of the participant's changed from 0 to +15 degrees (upward tilting) the L* values increased indicating a lighter colour. The average a* value also increased indicating a redder (less green) colour component and b* values decreased indicating a bluer (less yellow) colour component. This is shown graphically in Figure 3 for each of the L* a* b* coordinates. Overall, there was a statistical difference between the L*a*b* values between upward tilting and downward tilting and the total tilting (−15 to +15 degrees) for each parameter except for b* values for downward tilting. For each inclination, the L*a*b* values were also compared to each other and statistical significant differences were found between all L*a*b* values.
The average colour L* value changes (Figure 4 ) increased when the head was tilted upwards. The average L* colour values decreased as the head was tilted downwards. It can be noted that the a* increased in both tilt directions but with a greater increase when the teeth were retroclined. The b* values decreased in both tilt directions; however, the b* value decrease for downward tilting was not significant. Every L*a*b* value changed significantly compared to the others and to each other, respectively. Differences were also observed between E (total change). There was greater change in colour when teeth were retroclined compared to when proclined. The correlation between value changes: L*, a*, b*, respectively, for total tilting are positive but only small ranging from 0.003 and 0.3. The L* value had the highest correlation coefficient ( Figure 5 ) and was the only one that showed statistical significance.
Discussion
It was found as a general finding that upward head tilting caused more protruded teeth and lighter and different tooth colour compared to downward head tilting resulting in more retroclined teeth and darker and different colours. The initial null hypothesis stating that that there is no difference between the amount of proclination of the upper central incisors and their colour can be rejected.
Regarding the different tilting orientations downward tilting resulted in smaller tooth lightness values. The lightness values changed from 71 to 64 which can be extrapolated as a subject aging from 30-50 years to above 50 years (24) . It has already been determined that the progressive darkening of teeth occurs with age (25) . The lightness values probably decreased due to the teeth being brought back into the oral cavity and less light being able to reach them. Regarding absolute value change retroclination of the incisors caused in a decrease in the green colour but an increase in the red colour component. This finding is in concordance with a previous study which indicated that teeth from a population of more than 50 years of age had a greater reddish but also yellowish component in tooth colour (24) . Downward tilting resulted in no significant change in the colour component blue and yellow. However, it could be assumed that the greater yellow component found in the stated study could be due to the actual physiological aging of the tooth causing thinning of the enamel and increase of the tertiary dentin, which, in our case was not present. It has to be born in mind that the data collection in the stated study was different from our investigation. It could be hypothesized that the decrease of light reaching the teeth as well as the influence of the oral cavity could result in the proportionally greater increased red colour component.
Upward titling caused an increase in lightness values from 71 to 75 which can result in 'rejuvenation' of tooth colour by several years (24) . These results can be explained by the fact as more light is able to reach the tooth surface more of it can be reflected towards an external observer. The results are also in line with previous studies (20, 26, 27) . However, in our study, these changes were measured after a change in tooth position rather than changes in experimental lighting. Incisor proclination caused a greater change in the blue colour component compared to the other values and a decrease in the yellow component of colour. At the incisal edge of an incisor as more light passes through the enamel, a blue shade can sometimes be seen. It could be hypothesized that when incisors are proclined an increased amount of light reaches the tooth and more light could pass through the dental tissues resulting in a more observable blue component. Even though the colour measurements were taken at the centre of the clinical crown, the blue component could be more pronounced than the others. There was also an increase the red colour component but which was less pronounced than with downward tilting.
It should be noted that upward and downward tilting did not result in similar increases or decreases of the colour values. These differences are probably due to the internal structure of the the teeth as the width of the layers of enamel and dentin are not consistent from the crown to the root. The amount of saliva on each tooth surface was tried to be kept as uniform as possible, subjects with thicker and more abundant saliva rates might have different light reflective properties at different angles.
The correlations between L*a*b* values are only weak. The correlation coefficients were all positively correlated. The P value was only significant for the lightness parameter. The probable reason for the weak correlation coefficient is due to the underlying absorption pattern of the tooth which is not only affected by enamel but also dentin.
The conclusions also have to take into account that the pool of subjects were dental students and may not reflect the average person in respect his oral health and prevention. Laypeople can exhibit major extrinsic tooth staining which could reduce the changes observed in this study. Ideally an orthodontic treated sample of initially CI II division 2 cases could have been used for this study. Nevertheless, different active treatment times, not being able to standardize final tooth positions and the alteration of the tooth surface after the use of bonded brackets and different oral hygiene measures could have made the data inconclusive and not prone to generalization.
As we were not able to physically move the incisors as with an orthodontic treatment, head tilting was used to mimic the possible range of orthodontic tooth displacement. With this method, we had no way of determining the initial inclination of the incisors and how much more or less they were inclined from their ideal position. We could only measure the change. It is not known if the initial incisor inclination could play a role in the amount of colour change observed. It would have been possible to study this factor with lateral cephalograms; however, this was not possible due to ethical concerns. Nevertheless, as only the change of inclination was needed for this study true initial or final tooth angulation values were not necessary. It was therefore easier to change the inclination of the subject's tooth by altering the head posture in the standardized method described before.
In this study, only the central incisors were measured for colour differences. For a more complete interpretation of the smile, lateral and canines should also be tested. However, as there is greater variation in the position of these teeth than incisors they were not included in this study. Also, as the laterals and canines are placed at the beginning of the catenary arch curve the photographs would not have been perpendicular to their vestibular surface. Further testing should be conducted to investigate these points.
To put this study in perspective, in terms of clinical significance, it is possible that orthodontic treatment may result in changes in the perceived colour of the incisors. The change in incisor colour in CI II division 2 cases (changing from −15 to 0 degrees) can be an additional beneficial effect in the treatment of this malocclusion. However, it should be noted that albeit tooth colour changes detectable electronically, the changes were small to the eye. It is known that the colour of the oral tissues and skin plays a role in the perception of tooth colour (15, 28) as well as the illuminant (26) . These factors may enhance or mask tooth colour changes induced by change in inclination.
Conclusion
Proclination of upper incisors caused a lighter tooth colour parameter compared to retroclined incisors and colour changes. Orthodontic changes of the upper incisor inclination may induce alterations on how tooth colour is perceived. Thus, apart the functional and structural indications, correct incisor inclination after orthodontic treatment is necessary for optimal aesthetic results.
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